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TECHNICAL NOTE D-310 

TESTS OF AN AXZA SUCTION FLnp ON AN NACA 64A010 

AIRFOIL AT HIGH SUBSONIC SPEEDS 

By Donald W .  Smith and John H. Walker 

SUMMARY 

The l i f t ,  drag, chordwise d i s t r ibu t ion  of s t a t i c  pressure and 
boundary-layer ve loc i ty  p ro f i l e  at 0 . 8 5 ~  were measured for a two- 
dimensional wing with an NACA 64AO10 a i r f o i l  sect ion.  
p l a in  f l a p  with a chord of 0.30 of the wing chord. 
area w a s  variable and extended from 0.69 t o  0.90 of the wing chord. Data 
were obtained f o r  several  d i f fe ren t  suction-area configurations at  a 
Reynolds number of 2.9X106 f o r  a range of Mach numbers from 0.70 t o  0.84. 

?"ne wing had a 
The perforated suct ion 

A reduction of the  sect ion drag coeff ic ient  f o r  a constant sect ion 
l i f t  coef f ic ien t  w a s  obtained by application of suction over t he  a rea  
from 69 t o  72.5 percent of the  wing chord. The l a rges t  reduction w a s  
obtained f o r  t he  model with l e s s  than 2O f l a p  def lect ion a t  Mach numbers 
of 0.80 and 0.82 f o r  l i f t  coeff ic ients  above about 0.35 .  However, for 
the  highest  l i f t  coef f ic ien ts  a t  the  t e s t  Mach numbers of 0.80 and 0.82, 
nearly t h e  same drag reduction w a s  obtained with the  f l a p  def lected 6' 
without suction. 

The a b i l i t y  of the area suction t o  control  t he  boundary layer  w a s  not 
affected by the  t r i p  wire on the  forward pa r t  of the  wing which w a s  used 
t o  induce t r a n s i t i o n  a r t i f i c i a l l y .  

INTRODUCTION 

Reference 1 summarizes previous invest igat ions of boundary-layer 
suction and presents  data  fo r  a i r f o i l s  with suct ion at  various loca t ions .  
No improvements i n  high-speed drag charac te r i s t ics  were found. Studies 
of a i r f o i l s  with p l a in  f l aps  ( e  .g., NACA TN 3174) have shown t h a t  some 
improvehents of drag at  high subsonic speeds a re  obtained at  moderate and 
la rge  l i f t  coef f ic ien ts  by the use of small f l a p  def lect ions.  

ThP present invest igat ion w a s  undertaken t o  study the p o s s i b i l i t y  of 
preventing shock-induced separation on a wing with a p l a in  f l a p  through 
the  use of a rea  suction, and hence of reducing the  drag of t he  wing. It 
w a s  thought t h a t  t he  deflected f l a p  would maintain the shock wave i n  the  
region of t he  suction area,  causing the point of minimum pressure t o  occur 
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a t  the  hinge l i n e  and the  pressure recovery through the  shock t o  occur on s 

t he  f l a p  while both Mach number and angle of a t tack  were var ied.  Area 
suction w a s  applied over the  forward port ion of the f l a p  where shock- 
induced separation should occur. If su f f i c i en t  suct ion were applied t o  
prevent separation then a reduction i n  drag should r e s u l t .  
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section drag coef f ic ien t  

sect ion l i f t  coef f ic ien t  

section flow coef f ic ien t  through the  porous a rea  

pressure coef f ic ien t ,  U?sa 

l o c a l  Mach number 
g, 

free-stream Mach number 

l o c a l  s t a t i c  pressure,  lb / sq  i n .  

free-stream s t a t i c  pressure,  lb / sq  i n .  

free-stream dynamic pressure,  lb / sq  i n .  

chordwise distance from wing leading edge i n  the  d i r ec t ion  of the  
flow 

v e r t i c a l  distance from the  surface of t he  wing 

angle of a t tack ,  deg 

f l a p  def lec t ion ,  deg 
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t MODEL AND APPARATUS 

Model 

A 
1 
9 
'7 

The model used i n  the  invest igat ion had an NACA 64AO10 a i r f o i l  sect ion 
and a constant chord of 20 inches and completely spanned the  t e s t  sec t ion  
of the  Ames 12-foot pressure wind tunnel. Because of i t s  extreme span- 
to-chord r a t i o ,  t he  a i r f o i l  was  res t ra ined from bending due t o  l i f t  by a 
t i e  rod t h a t  extended from the  a i r f o i l  midspan t o  the  tunnel w a l l .  The 
model w a s  equipped with a p l a in  f l a p  with a chord 0.30 of t he  a i r f o i l  
chord. The f l a p  w a s  hinged a t  the lower surface and was capable of being 
def lected from 0' t o  10' i n  1' increments. Provisions were made f o r  
applying d is t r ibu ted  suction on the upper surface of the f l a p .  A photo- 
graph of the  model i n  the  wind tunnel i s  shown i n  f igure  1 and sketches 
of the  model a re  presented i n  f igure  2.  

The port ion of t he  a i r f o i l  ahead of t he  f l a p  w a s  constructed t o  
provide an air duct within the  a i r f o i l ,  f o r  removing air from the  perfo- 
ra ted  f l a p .  
arranged i n  the duct t o  provide a uniform spanwise d i s t r ibu t ion  of flow 
through the  perforated surface when suction w a s  applied (see f i g .  2 ( b ) ) .  
Bench t e s t s  es tabl ished the  appropriate arrangement of t he  turning vanes 
and the  regulator bar .  
f a c i l i t a t e  removal of boundary-layer a i r  through t h e  perforated upper 
surface.  The surface w a s  constructed of a 0.030-inch-thick s t a in l e s s  s t e e l  
sheet which had 179 holes per square inch. 
diameter and were arranged i n  a staggered pa t t e rn .  
a surface which w a s  23 percent open. The perforated area extended from 
0.69 t o  0.90 of the  a i r f o i l  chord. 
the  perforated a rea  w a s  obtained by sealing port ions of the  perforated 
sheet with cot ton a i r c r a f t  tape which was coated with a i r c r a f t  dope and 
sanded t o  have a smooth, nonporous f in i sh .  Five pressure o r i f i c e s  were 
d is t r ibu ted  spanwise along the  plenum chamber t o  measure plenum chamber 
pressure.  For a few t e s t s  the f l a p  was f i t t e d  with a so l id  aluminum 
upper surface which replaced the  perforated sheet.  

Turning vanes and a flow-regulator bar  oriented spanwise were 

A plenum chamber w a s  provided i n  the  f l a p  t o  

The holes were 0.040 inch i n  
This mater ia l  provided 

Variation of t h e  chordwise extent of 

The f l a p  hinge w a s  sealed t o  prevent flow of air  from the  lower 
surface i n t o  the  f l a p  plenum chamber. The gap between the  a i r f o i l  upper 
skin and the  upper surface of the f l ap  w a s  a l s o  sealed s o  t h a t  a i r  could 
be drawn only through the  perforated,area.  

Four chordwise rows of s ta t ic-pressure o r i f i c e s  were located 16 
and 49 inches e i t h e r  s ide of the  a i r f o i l  midspan ( f i g .  2 ( a ) ) .  
7:~t3re prnvidprl on both the  upper and lower surfaces of t he  a i r f o i l .  

Orif ices  

Two fences were mounted on the a i r f o i l  5 inches from each tunnel w a l l  
The fences were provided i n  an attempt t o  as shown i n  f igu res  1 and 2 ( a ) .  

minimize the  e f f e c t  of the  tunnel boundary layer  on the  a i r  flow over the  
model. 
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For a l imited number of t e s t s  a boundary-layer t r i p  w a s  i n s t a l l ed  on * 
t he  upper surface of t he  wing a t  20 percent of the  a i r f o i l  chord. The 
t r i p  consisted of an 0.008-inch-diameter s t e e l  wire cemented t o  the a i r f o i l  
surface f rom one end fence t o  the other.  

Apparatus 

The wind-tunnel balance system was  used fo r  measuring the  model lift 
and drag. 

The air drawn through the  perforated f l a p  w a s  removed from each end 
of the  a i r f o i l  through 8-inch-diameter pipes by a vacuum pump located 
outside the  wind tunnel .  A mercury s e a l  was i n s t a l l e d  i n  the  suction l i n e  
t o  provide a f r i c t i o n l e s s  coupling between the  balance system and the  pipe 
f ixed  t o  the wind tunnel .  The air  flow quant i ty  through the  suction l i n e s  
w a s  measured with standard ASME square-edge o r i f i c e  meters. During the  
e n t i r e  t e s t ,  a boundary-layer rake w a s  mounted on the  upper surface of 
the  f l a p  at  0.85 x/c (see f i g s .  1 and 2 ( a ) ) .  

TESTS AND PROCEDURE 

Tests 

The operating conditions f o r  each model configuration invest igated 
a re  given i n  t ab le  I .  The t e s t  procedure used with a l l  configurations 
w a s  t o  se t  a constant Mach number and t o  vary the  quant i ty  of air f l o w  
through the perforated area f o r  each angle of a t t ack .  
s t a r t e d  with the maximum amount of a i r  f l o w ,  usual ly  a 
0.002, and then data  were recorded f o r  reduced amounts of suction flow 
u n t i l  a f i n a l  reading with no air f l o w  w a s  taken. 

Each t e s t  run w a s  
C Q  of about 

Reduction of D a t a  

The t e s t  data have been reduced t o  standard coef f ic ien t  form. Factors 
which a f fec t  the  accuracy of these r e s u l t s  and the  correct ions applied 
a re  discussed i n  the  following parakraphs . 

Tunnel-wall interference.-  The data  have been corrected f o r  t he  
influence of  the  tunnel w a l l s  by the  method of reference 2.  
number of 0.80 the  correct ions t o  t h e  drag coeff ic ient  and the  l i f t  
coeff ic ient  were 1.1~ and 2.3 percent,  respect ively.  A t  a Mach number of 
0.80 the  correction t o  Mach number amounted t o  a l/2-percent increase 
over t ha t  determined from a ca l ib ra t ion  of t he  tunnel  without a model i n  
place.  

A t  a Mach 

A 
1 
9 
7 
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Stream variat ions.-  I n  the  t e s t  region, the  stream inc l ina t ion  w a s  
l e s s  than 0.08'. 
w i n g  spanning the  tunnel a t  0' angle of a t t ack .  
var ia t ion  of t he  s t a t i c  pressure i n  the  region of the  model w a s  Less than 
0.2 percent of t he  dynamic pressure. No correct ion f o r  the e f f e c t  of 
these var ia t ions  w a s  made. 

This w a s  determined from a tunnel ca l ibra t ion  with a 
The longi tudinal  

Two-dimensionality of flow over the a i r f o i l . -  Although the  a i r f o i l  
w a s  carefu l ly  constructed, it had a small permanent spanwise t w i s t  
amounting t o  about 0.25'. 
of twist ing under load because it was fixed i n  tors ion  only a t  i t s  ends. 
Despite these -two f ac to r s ,  comparison of t he  chordwise d i s t r ibu t ion  of 
s t a t i c  pressure a t  the  various spanwise s t a t ions  did not reveal  any major 
var ia t ions  across the  span. 

The a i r f o i l  being very limber w a s  a l s o  capable 

Suction quantity.- The equations for  square-edge o r i f i c e  meters 
given i n  reference 3 were used t o  compute the  weight flow of a i r  removed 
from the  boundary layer  through the  perforated a rea .  

Drag.- The measured drag of the  wing was corrected t o  account f o r  t he  
power required t o  pump the  sucked a i r  downstream, through a su i tab le  
nozzle, i n  the  free-stream di rec t ion .  Therefore, the drag coef f ic ien ts  
presented i n  the  report  a re  e f fec t ive  drag coef f ic ien ts  i f  100-percent 
pump ef f ic iency  and no duct losses  a r e  assumed: 

Pump -2cQ + c 
= 'dmeasured 

C 

For addi t iona l  information regarding t h i s  correct ion see reference 4 
(p. 39) and reference 5 .  
t he  method given i n  appendix I11 of reference 1. 
coe f f i c i en t  equivalent t o  t h e  pumping power had a maximum value of about 

The pumping drag coef f ic ien t  w a s  computed by 
The value of the  drag 

o .005. 

The gross drag of t he  wing was corrected f o r  turntable  t a r e s  but  no 
cor rec t ion  w a s  made f o r  t he  drag of the fences,  the  drag of the  boundary- 
layer  rake,  or t he  drag of t he  streamlined t i e  wire a t  the center of t h e  
w i n g .  However, a t  a constant Mach number these drag contributions would 
probably be r e l a t i v e l y  unaffected by f l a p  def lect ion or by the  appl icat ion 
of t h e  a rea  suction, and hence would not  mask the effect iveness  of suction 
i n  changing t h e  drag. A t  a Mach number of 0.80, the  drag coef f ic ien t  of 
t h e  t i e  rod i n  terms of the  w i n g  area w a s  estimated t o  be about 0.0048; 
it was expected t h a t  the  drag of t he  fences, being mainly skin f r i c t i o n ,  
would be qui te  small when expressed i n  terms of the  wing area. No estimate 
?.ES m~ld.e of t.he drag of the  rake.  I n  summary, the  drag coef f ic ien t  values 
presented include t h e  drag of t h e  t i e  rod, fences, and rake, and can o l v y  
be used t o  determine drag increments produced by suction or f l a p  def lect ion.  
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An attempt was  made t o  determine the pressure drag of the  a i r f o i l  by 
spanwise in tegra t ion  of t he  l o c a l  pressure drag a t  the  four spanwise 
or i f ice  s ta t ions .  These values of pressure drag were considered of 
doubtful accuracy because of uncertainty i n  the  spanwise var ia t ion  of 
pressure drag between the  outboard o r i f i c e  s t a t ions  and the  tunnel w a l l s .  

* 

RESULTS AND DISCUSSION 

Data a re  presented i n  f igures  3 ,  4, and 5 which show the  e f f ec t  of 
a r ea  suction on the  a i r f o i l  sect ion lift and drag coef f ic ien ts ,  the  chord- 
wise d is t r ibu t ion  of s t a t i c  pressure,  and the  a i r f o i l  boundary-layer Mach 
number p r o f i l e  a t  85-percent chord. These data  a re  f o r  the  a i r f o i l  with 
the  f lap  def lected lo, suction applied t o  t h e  upper f l a p  surface from 69 
t o  72.5 percent of the  a i r f o i l  chord, and f o r  Mach numbers from 0.75 t o  
0.82. The s ta t ic-pressure data  presented a r e  fo r  the  left-hand inboard 
or i f ice  s t a t i o n  while the boundary-layer p r o f i l e  data were obtained on 
the  right-hand semispan. The e f f e c t s  of a rea  suction displayed by these 
data  are representative of those observed i n  the  majority of the  data. 

Data s i m i l a r  t o  t h a t  presented i n  f igures  3 ,  4, and 5 have been 
p lo t ted  t o  show the  e f f ec t  of t he  var ia t ion  of t he  chordwise extent  of 
perforated area on the  a i r f o i l  sect ion lift and drag coef f ic ien ts ,  suction 
quantity, and the  chordwise d i s t r ibu t ion  of s t a t i c  pressure,  and a re  
presented i n  f igures  6,7, and 8, respect ively.  
a i r f o i l  with the f l a p  def lected 1' a t  a Mach number of 0.80. 
a t  t h i s  Mach number and with t h i s  f l a p  def lec t ion  a re  representat ive of 
those a t  Mach numbers and f l a p  def lec t ions  where gains due t o  a rea  suction 
were observed. 

These data  a re  f o r  the  
The e f f e c t s  

L 

Effects of Chordwise Extent of Suction Area 

The f i v e  d i f fe ren t  extents  of .suction a rea  on the  f l a p  over which 
suction w a s  applied a re  given i n  t ab le  I .  The areas  marked (d)  (0.69 t o  
0.80 x/c) and ( e )  i n  the t ab le  (0.80 t o  0.85 x/c) were discarded because 
the  maximum amount of suction flow quant i ty  avai lable  during the  t e s t  
f a i l e d  t o  produce any e f f ec t  on the  sec t ion  l i f t  and drag. 

The data  presented i n  f igures  6 through 8 show t h a t ,  of the  three  
remaining suction areas  t e s t ed ,  t he  one extending from 69- t o  72.5-percent 
a i r f o i l  chord was the bes t .  Suction Over t h i s  a rea  resu l ted  i n  the  lowest 
drag for a given l i f t  coef f ic ien t  with the  lowest cQ, and a l s o  resu l ted ,  
generally, i n  the  bes t  pressure recovery a f t  of t he  hinge l i n e  and a t  the 
trailing edge. 
the  data obtained f o r  the a i r f o i l  with the  suction area extending from 
69 t o  72.5 percent of the a i r f o i l  chord. 

The remainder of the discussion therefore w i l l  deal  with 



Effects  of Application of  Area Suction 

The most pronounced e f f ec t  of the appl icat ion of a rea  suction t o  the  
upper surface of the  a i r f o i l  f rom 69- t o  72.5-percent chord occurred a t  
Mach numbers of 0.80 ( f i g .  3 ( c ) )  and 0.82 ( f i g . 3 ( d ) ) ,  and was characterized 
by sharp d iscont inui t ies  i n  the  variations of both l i f t  and drag coef f ic ien ts  
with c 
along with the  associated chordwise pressure d is t r ibu t ions  and boundary- 
layer  prof i les ,  w i l l  be considered i n  some d e t a i l .  

I n  order t o  examine t h i s  phenomenon the  l i f t  and drag data ,  &' 

A t  a Mach number of 0.80 the la rges t  e f f e c t  of the  appl icat ion of 
Less e f fec t  suction occurred a t  an angle of a t t ack  of  3' ( f i g .  3 ( c ) ) .  

w a s  shown a t  other angles of a t tack .  The data  a re  qua l i ta t ive ly  repre- 
sentat ive of the  data  obtained a t  other t es t  conditions and w i l l  be used 
f o r  the  purpose of discussion. 

1 
L 
2 
7 

It can be seen i n  f igure  3(c)  t ha t  f o r  a, = 3' a decrease of 
CQ 

from point  D t o  point C resu l ted  i n  a small decrease i n  l i f t  and drag. 
Inspection of f igure  5(d)  shows t h a t  f o r  these conditions ( C Q  = 0.00068 
and 0.00049), t he  chordwise d is t r ibu t ion  of s t a t i c  pressure w a s  l i t t l e  
changed while the  boundary-layer prof i le  showed a change which w a s  due i n  
p a r t  t o  a change i n  the  l o c a l  Mach number a t  the  outer edge of t he  boundary 
layer .  &-om point C t o  point B i n  f igure 3(c)  there  was a sharp decrease 
of both lift and drag with an attendant increase i n  
figure 5(d)  shows t h a t  from point C t o  point B ( C Q  = 0.00049 and O . O O O 7 l ) ,  
there  w a s  a d r a s t i c  change i n  both the  pressure d i s t r ibu t ion  and the  
boundary-layer p r o f i l e .  It appears tha t  t he  boundary layer  became th icker  
with separation probably being present i n  both cases.  
point w a s  moved forward from the hinge l i n e  and the  pressure recovery 
near t h e  t r a i l i n g  edge was not as good f o r  point B. Change of C Q  from 
ppint B t o  point A resu l ted  i n  only small changes i n  l i f t ,  drag, pressure 
d i s t r ibu t ion ,  and boundary-layer p ro f i l e .  

CQ. Inspection of 

The minimum pressure 

Application of a rea  suction t o  the a i r f o i l  a t  Mach numbers of 0.75 
( f i g .  3 ( a ) )  and 0.78 ( f i g .  3 (b ) )  resul ted i n  small increases i n  sect ion 
l i f t  and drag coef f ic ien ts  with increase i n  
0.78 the  chordwise pressure d is t r ibu t ion  and the  boundary-layer ve loc i ty  
p ro f i l e s  ( f i g .  4 )  a l s o  show only gradual changes with increase i n  
The boundary-layer p r o f i l e s  indicate  t h a t  boundary-layer separation 
occurred on the  upper surface of t he  a i r f o i l  a t  t h i s  Mach number f o r  
angles of a t tack  of 3' and 4'. 
have l i t t l e  e f f ec t  on the  separated boundary layer  although the  e f f ec t  
on t h e  a i r f o i l  s t a t i c  pressures ahead of t he  suction area was pronounced. 

CQ.  
For a Mach number of 

CQ.  

Application of area suction seemed t o  

.. 

Presented i n  f igure  9 a re  the chordwise d i s t r ibu t ion  of s t a t i c  pressuix . 
both with and without suction f o r  several  Mach numbers a t  angles of a t t ack  
of 1/2O and 2O. 
i n  f igu res  4 and 5 indicate  t h a t ,  a t  Mach numbers of 0.75 and 0.78, t he  

These pressure d is t r ibu t ions  along with those presented 
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posi t ion on the a i r f o i l  of the  minimum pressure ( 0 . 4 ~  t o  0 . 5 ~ )  and 
probably the or ig in  of separation were too far forward fo r  e i t h e r  improve- 
ment of  the pressure recovery over the  r ea r  pa r t  of t he  a i r f o i l  or f o r  
control of the  separation by appl icat ion of area suction a t  the  hinge l i n e .  
However, a t  Mach numbers of 0:80 and 0.82 the  minimum pressure occurred 
a t  about 60 percent of t he  a i r f o i l  chord and the  appl icat ion of suction 
a t  the hinge l i n e  resu l ted  i n  marked changes i n  both the  boundary-layer 
p ro f i l e s  and the pressure recovery over the  r ea r  of the  a i r f o i l .  A t  t h e  
higher Mach numbers, appl icat ion of suction a l s o  resu l ted  i n  movement of 
the  m i n i m u m  pressure t o  the  suction area.  
statements i s  shown by the  data  f o r  a Mach number of 0.80 and an angle of 
a t tack  of 4': t h e  minimum pressure point was far forward and appl icat ion 
of suction resu l ted  i n  no appreciable change i n  the flow over the  a i r f o i l .  

- 

An exception t o  the  above 

The e f f ec t s  of a rea  suction on the  var ia t ion  of sect ion drag coef f i -  
c i en t ,  a t  various constant sect ion l i f t  coef f ic ien ts ,  with change of 
f l a p  deflection and Mach number a re  presented i n  f igures  10 and 11, 
respectively.  
the  f l ap  with the so l id  aluminum upper surface ( f l a p  sealed) and the  
f l a p  with suction applied t o  the perforated a rea  extending from 69- t o  
72.5-percent a i r f o i l  chord. 
quantity coef f ic ien t  of 0.0006 both below ( f i g .  3 (c )  l i n e  AB) and above 
( f i g .  3(c)  l i n e  CD) t h e  break i n  the  curves of the  var ia t ion  of l i f t  and 
drag with suction quantity discussed previously. For those curves with- 
out a break, only the point  found on l i n e  AB was p lo t ted .  

The curves of f igure  10 show t h a t  t he  drag w a s  reduced appreciably 
below t h a t  for the  flap-sealed value only when boundary-layer separation 
w a s  reduced or prevented by appl ica t ion  of suction. Drag reductions were 
rea l ized  a t  Mach numbers of 0.80 and 0.82 but only f o r  the lowest f l a p  
def lect ions a t  sect ion l i f t  coef f ic ien ts  grea te r  than about 0.35. Reduc- 
t i ons  of the  same magnitude were obtained without suction a t  the  highest  
l i f t  coeff ic ient  by simply increasing the  f l a p  def lec t ion  t o  6O, as can '  
be seen i n  f igure 10. 

I n  these f igures  a re  presented the  a i r f o i l  data  f o r  both 

The suction data  are presented f o r  a suction 

I n  figure 11 it can be seen t h a t  no appreciable increase of t he  drag 
r i s e  Mach number was obtained by appl icat ion of a rea  suct ion t o  the  a i r f o i l  
upper surface. 

Effect of Fixing Transi t ion 

The ef fec ts  of f ix ing  t r a n s i t i o n  with a wire a t tached t o  the  upper 
surface of the a i r f o i l  w i l l  be discussed f o r  a Mach number of 0.80, with 
suction applied from 0 . 6 9 ~  t o  0.725c, and with a f l a p  def lec t ion  of 3'. 
These data a re  representat ive of the  data  at  other  f l a p  def lect ions and 
a re  presented because they a re  more complete than those avai lable  f o r  
other f lap  def lect ions.  
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Location of the t r a n s i t i o n  point on the  upper surface of t he  a i r f o i l  
was  determined f o r  a few tes t  conditions by v i sua l  flow s tudies  employing 
the  sublimation technique. These studies were made on only a small span- 
w i s e  port ion of the  model but  it w a s  assumed t h a t  they applied over t he  
major port ion of the  span. It w a s  found t h a t  when the  t r i p  wire w a s  used, 
t r a n s i t i o n  occurred at  the  w i r e  (x/c = 0.20), bu t  when t r a n s i t i o n  occurred 
na tura l ly ,  it usually occurred j u s t  ahead of t he  hinge l i n e .  

I n  f igures  l 2 ( a )  and 13 a r e  presented the  f r e e  t r a n s i t i o n  data.  
f igures  12(b) and 14 t he  data obtained with the  t r i p  w i r e  a r e  presented 
along with the  f a i r e d  curves f o r  t he  f r ee - t r ans i t i on  data. 

I n  

Application of suction i n  both cases resu l ted  i n  an abrupt increase 
of i i f t  and drag of about the  same amount as shown i n  f igure  l 2 ( b ) .  
the  suction quantity required was somewhat smaller i n  t h e  case of f r e e  
t r ans i t i on .  

However, 

The chordwise d i s t r ibu t ion  of s t a t i c  pressure and the  boundary-layer 
p r o f i l e s  were somewhat d i f f e ren t  f o r  the two cases with zero suction. 
However, when suction w a s  applied the  s ta t ic-pressure d is t r ibu t ions  
became almost i den t i ca l ,  and it w a s  apparent t h a t  t he  boundary layer  i n  
both cases was made thinner  i f  not completely unseparated. 

CONCLUDING REMARKS 

Several remarks may be made regarding the  use of a rea  suction on an 
a i r f o i l  t o  eliminate shock-induced separation. 

A t  Mach numbers of 0.80 and 0.82, appl icat ion of a rea  suction at the  
hinge l i n e  of an a i r f o i l  with small f l ap  def lect ions resu l ted  i n  a 
reduction of the  sect ion drag coeff ic ient  at  l i f t  coef f ic ien ts  above 
about 0.35. However, even without suction, t he  drag at  the  highest l i f t  
coef f ic ien ts  w a s  reduced by simply deflecting the  f l a p .  
t he  f l a p  t o  an angle of 6' reduced the drag as much as the  bes t  a rea  
suct ion arrangement, 

Deflection of 

The a b i l i t y  of the  a rea  suction t o  control  t he  boundary layer  w a s  
not a f fec ted  by the  t r i p  wire used on the  forward pa r t  of t h e  model t o  
induce t r a n s i t i o n  a r t i f i c i a l l y .  

Ames Research Center 
National Aeronautics and Space Administration 

Moffett Fieici, ea;??., 2 e ~ -  18: 1959 
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6 ,  deg 
M ’ O  1 2 3 6 10 

a a a a a a 
abc abc ab abc ~ acd a 
abc abcf ab abc ac a 
abc abcf ab abc acd ac 
abc abc a abd acde ac 
a a a a a A 

1 
9 
7 .70 a a 

* 75 a a 
.78 a a 
.80 a a 
.82 a a 
.84 a a 

TABLE I.- TEST CONDlTIONS AND MODEL CONFIGURATIONS 

(a) Clean wing I 

- a a 
ab ab C 

a ab 
ab ab C 

a ab - - 
a a 

- 
- 

- - 
- 

- - 

Notes : 
1. R = 2.9X106 
2. a varied f r o m  -1’ t o  4’ depending on 6 and M. 
3. Suction quantity for each configuration was 

varied from maximum t o  0 .  



. 

A-23738 

Figure 1.- Photograph of the model i n  the t e s t  sect ion of t he  Ames 12-foot 
pressure wind tunnel. 
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Figure 6.- Effect of variation of the chordwise extent of porous area on 
t h e  section lift and &ag coefficient; = 0.80, 6 = 1'. 
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Figure 9.- Effect of Mach number on the  chordwise s ta t ic-pressure d i s t r i -  
c 

bution both with and without suction; ( ~ / c ) ~ ~ ~ ~  = 0.69 t o  0.725, 
6 = lo. 
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Figure 11.- Effect of suction on t h e  V t i i - i a t l Z Z  sf sect.ion drag coefficient 
with change in Mach number at a constant section lift coefficient. 
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Figure 12.- Effect of fixing transition on the section lift, drag, and 
suction quantity coefficients; ( ~ / c ) ~ ~ ~ ~  = 0.69 to 0.723, MOO = 0.80, 
6 = 30.  
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Figure 12. - Concluded. 
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